The interaction of calmodulin with amphiphilic peptides.
Calmodulin has recently been shown to form exceptionally tight, calcium-dependent complexes with several natural peptides (Kdiss greater than 10(-7) M). These peptides were demonstrated to be capable of forming basic, amphiphilic alpha-helices. To further illustrate the importance of this structural feature for calmodulin binding, several other amphiphilic alpha-helical peptides were tested for their ability to bind calmodulin. To monitor complexes of high affinity (greater than 10(8) M-1), a new competition assay was devised with Sepharose 4B-conjugated melittin. Stoichiometries were assessed by electrophoresis and equilibrium size exclusion chromatography. Three peptides, which were designed to form idealized amphiphilic alpha-helices were tested. The basic peptides, N alpha-9-fluorenylmethoxycarboxyl-(FMOC)-(Leu-Lys-Lys-Leu-Leu-Lys-L eu)1 and FMOC-(Leu-Lys-Lys-Leu-Leu-Lys-Leu)2 bind calmodulin in a 1:1 complex with dissociation constants of 150 and 3 nM, respectively. The acidic peptide, FMOC-(Leu-Glu-Glu-Leu-Leu-Glu-Leu)2 failed to bind calmodulin, even at micromolar concentrations. Complex formation between calmodulin and the 14-residue basic peptide leads to an increase in the helicity of the complex which is attributed to an increase of about 50% in the helicity of the peptide. Calmodulin also interacts with the neutral alpha-helical peptide toxin delta-hemolysin. Concomitant with binding, the fluorescence maximum of the unique Trp residue increases 2-fold and is blue-shifted. A dissociation constant could not be unambiguously estimated though, since delta-hemolysin has a strong tendency to self-aggregate. The above data support our hypothesis that a basic, amphiphilic alpha-helix is a structural feature which underlies the calmodulin-binding properties common to a variety of peptides.